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ABSTRACT
Chandra images show symmetric, 8 kpc long, arm-like features in the X-ray halo surrounding NGC 4636.
The leading edges of these features are sharp and are accompanied by temperature increases of ∼ 30%. These
properties, along with their scale and symmetry, suggest that the arm-like structures are produced by nuclear
outburst driven shocks. We interpret these observations as part of a cycle in which cooling gas originally fueled
a nuclear outburst about 3× 106 years ago leading to shocks that reheat the cooling gas, thus preventing the
accumulation of significant amounts of cooled gas in the galaxy center and temporarily starving the central AGN.
Subject headings: galaxies: active - galaxies: individual (NGC 4636) - X-rays: galaxies
1. INTRODUCTION
NGC 4636 is one of the nearest and, at LX ∼2×1041
ergs s−1, one of the most X-ray luminous “normal” ellipticals.
NGC 4636 lies in the outskirts of the Virgo cluster, 10◦ or 2.6
Mpc on the sky to the south of M87, for a distance to NGC 4636
of 15 Mpc (Tonry et al. 2001). As found for most lumi-
nous, slowly rotating ellipticals, the optical surface brightness
of NGC 4636 flattens in the inner regions. The central region, as
seen in short exposures and with HST, has low eccentricity and
is classed as an E0. However, as noted by Sandage (1961), at
low surface brightness the galaxy is flattened (E4). NGC 4636
has ionized gas in its core, but is unusual in that the gas veloci-
ties are uncorrelated with and significantly larger than those of
the stars (Caon, Macchetto & Pastoriza, 2000). A weak, ex-
tended radio source (1.4× 1038 ergs s−1) is observed at the
galaxy center (Birkinshaw & Davies 1985, Stanger & Warwick
1986), while Loewenstein et al. (2001) place an upper limit of
2.7×1038 ergs s−1on nuclear X-ray emission.
Einstein X-ray images first showed that, like other luminous
elliptical galaxies, NGC 4636 was surrounded by an extensive
hot gas corona (Forman, Jones, & Tucker 1985). While Einstein
observations allowed only an emission-weighted temperature to
be determined, with ROSAT and ASCA, a modest increase in
the gas temperature with radius was found, abundances in the
halo were measured and a very extended X-ray component was
detected (Awaki et al. 1994, Trinchieri et al. 1994, Matsushita
et al. 1997, Finoguenov & Jones 2000, Buote 2000). From
an Einstein HRI observation, Stanger & Warwick (1986) found
an asymmetric gas distribution that they suggested could be the
result of erratic large scale gas flows.
The Chandra observatory allows us to study the structure of
the X-ray halo around NGC 4636 with a limiting resolution of
∼50 pc. In this paper we present an analysis of ACIS obser-
vations that reveal unusual structures in the X-ray halo and de-
scribe a possible mechanism for producing these features.
2. CHANDRA X-RAY ANALYSIS
NGC 4636 was observed with ACIS-S for 53 ksec on 26-27
January 2000 (obsid 323) and with ACIS-I for 11 ksec on 4-5
December, 1999 (obsid 324). We filtered the observations by
selecting ASCA grades 0, 2, 3, 4 and 6 and eliminating inter-
vals of high background (“flares”) as well as bright columns
or pixels due to instrumental effects or cosmic ray afterglows.
The remaining “good” times are 41286 seconds in the ACIS-S
observation and 5989 seconds in the ACIS-I observation.
Fig. 1 shows the region of the ACIS-S3 CCD centered on
NGC4636 in the energy range from 0.5 to 2.0 keV. This image
shows a bright central region surrounded by armlike structures.
At a distance of 15 Mpc, these structures are observed to ex-
tend ∼8 kpc from the galaxy center. While the features toward
the northeast and southwest are the brightest and appear sym-
metric around the galaxy center, the ACIS-S image shows a
third, fainter arm northwest of the galaxy, that shares symme-
tries with the two brighter X-ray arms. In particular the sharp
edges along the bright southwest and faint northwest arms de-
fine a parabola that also traces the southeast edge of the bright
galaxy core. Part of this parabola is mirrored in the bright NE
arm. In addition to these features, Fig. 1 shows structure in the
eastern part of the halo. In particular east of the galaxy center
is a low surface brightness region, with 1′ elongated regions of
enhanced emission marking its northeast and southeast bound-
aries. On smaller scales, as Fig. 2 shows, the X-ray emission
in the galaxy core is elliptical (position angle ∼320◦) and has
a 10′′ long by 1′′ wide “gap” running north-south, where the
surface brightness is about half that in the adjacent regions.
To better define the halo structures, we generated a radial
profile of the X-ray emission excluding the brighter regions
noted above, as well as point sources, and used this profile to
produce a smooth, radially symmetric, nonparametric two di-
mensional model for the surface brightness. Fig. 1 (right) shows
the result of subtracting this model from the image on the left
and smoothing the remaining emission. Most prominent in this
figure are the enhanced regions of emission and the cavities to
the east and west of the nucleus.
Fig. 1 also shows extended X-ray emission that is brighter to
the west of the galaxy. This is likely the very extended emis-
sion found from ROSAT and ASCA observations (Trinchieri et
al. 1994 and Matsushita et al. 1997). Although this extended
emission was suggested to be symmetric around NGC 4636,
the extended emission in the Chandra ACIS-S image (and in
the ACIS-I image) is brighter west of the galaxy.
To study the bright armlike structures, we generated surface
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